Introduction
Many governments around the globe actively attempt to attract multinational companies (MNCs) to locate in their country using substantial fiscal and financial incentives. For example, Head (1998) reports that the government of Alabama paid the equivalent of $150,000 per employee to Mercedes for locating its new plant in the state in 1994. Across the Atlantic, the British Government provided an estimated $30,000 and $50,000 per employee to attract Samsung and Siemens respectively to the North East of England in the late 1990s . Some countries also provide tax incentives. For example, Ireland offers a corporate tax rate of 10 percent to all manufacturing firms locating in the country.
One of the main rationales for these policy interventions is the belief that domestic firms can benefit from the presence of foreign multinationals through productivity spillovers. Hence, domestic firms may improve their productivity if there are positive externalities emanating from multinationals, although domestic firms may be affected adversely if competition with multinationals reduces output for domestic firms and, thus, leads to reductions in productivity (see Aitken and Harrison, 1999) .
Recent surveys of the literature conclude that there does not appear to be much evidence that there are aggregate benefits which accrue to all types of domestic firms equally (see Greenaway, 2002 and Blomström and Kokko, 1998) . Rather, it appears that conditions in the host country seem crucial for whether or not there are positive spillovers. In particular, the absorptive capacity of domestic firms, that is their ability to utilise spillovers from multinationals to improve their productivity, has been found to be an important determinant for whether or not domestic firms benefit from foreign direct investment (FDI) . 1 The aim of this paper is to focus in detail on the role of establishments' absorptive capacity in determining the magnitude of possible benefits from FDI. To this end we calculate absorptive capacity as the gap in total factor productivity (TFP) between the domestic establishment and the "industry leader" and allow for a non-linear relationship between FDI and absorptive capacity. We then investigate how changes in absorptive capacity may determine the benefits to domestic firms from productivity spillovers. We also take account of a geographical dimension to spillovers by calculating two groups of variables to proxy spillovers from FDI located within the region and outside the region.
This reflects the idea put forward by, for example, Audretsch (1998) who argues that geographical proximity is necessary to facilitate knowledge spillovers as "knowledge is vague, difficult to codify, and often only serendipitously recognized" (p. 21).
A further contribution of our paper is that we allow for different effects of FDI on TFP at different quantiles of the productivity distribution. While standard least squares estimates the mean of the dependent variable conditional on the covariates we use the quantile regression estimator to estimate the effect of the covariates on different quantiles of the productivity distribution. This allows us to take better account of the large and persistent heterogeneity in productivity dynamics across establishments. Keller (2001) also discusses the role of absorptive capacity for successful technology diffusion. 2 There has been only one previous application of quantile regression in the literature on productivity spillovers. Dimelis and Louri (2002) use this technique to analyse spillovers from FDI for a sample of Greek manufacturing firms. However, they only have cross-sectional data available which does not allow them to control properly for time invariant effects on productivity that may be correlated with foreign presence (see Görg and Strobl, 2001 ). Furthermore, they only analyse the effect of FDI on domestic labour productivity while we look at total factor productivity.
We present a detailed analysis of the role of absorptive capacity for FDI spillovers (both within and outside the region) using data for the UK. 3 Our results indicate that both absorptive capacity and geographical distance are important in determining whether or not domestic establishments benefit from FDI spillovers. We find a u-shape relationship between absorptive capacity and spillovers from FDI in the region, and an inverted ushape relationship outside the region. We determine the exact turning points for both quadratic relationships and evaluate the marginal effects of changes in absorptive capacity on productivity holding the FDI variables constant.
The remainder of the paper is structured as follows. Section 2 presents a brief review of the literature on the role of absorptive capacity for FDI spillovers. Section 3 outlines the econometric methodology and discusses the advantages of using quantile regression in the context of our paper. Section 4 discusses the dataset and some summary statistics while Section 5 presents the empirical results. Finally, Section 6 concludes.
The role of absorptive capacity
In an early theoretical paper, Findlay (1978) emphasised the importance of relative backwardness for the speed of adoption of new technologies and spillover benefits from multinationals. Findlay's model suggests that the greater the technological distance between the (less advanced) host and (advanced) home country, the greater the available opportunities to exploit in the former and the more rapidly new technology is adopted. Hence, the potential for positive spillovers is higher the larger the technology gap between host and home. More recently, however, this view has changed. For 3 While much of the literature on productivity spillovers has focused on developing countries, the literature on developed countries has grown substantially in the very recent past. In particular, there have been a example, Glass and Saggi (1998) also see a role for technological distance between the host and home country, however, they see the technology gap as indicating absorptive capacity of host country firms, i.e., their ability to absorb and utilise the knowledge that spills over from multinationals. The larger the gap, the less likely are host country firms to have the human capital and technological know-how to benefit from the technology transferred by the multinationals and, hence, the lower is the potential for spillover benefits.
There have been a number of empirical studies examining this issue. Kokko (1994) Kokko et al. (1996) hypothesise that domestic firms can only benefit if the technology gap between the multinational and the domestic firm is not too wide so that domestic firms can absorb the knowledge available from the multinational. Thus domestic firms using very backward production technology and low skilled workers may be unable to learn from multinationals. Using a cross-section of firm-level data for number of recent studies on the UK (for example, , Haskel et al., 2002 . None of the studies analyses the role of absorptive capacity in such detail as done in this paper. 4 Kokko (1994) argues that these industries show many of the characteristics of being "enclaves" where multinationals have little interaction with domestic firms and, hence, there is little scope for spillovers. 6 FDI is a vector that consists of two variables capturing four-digit industry foreign presence in the firm's region and outside the region, D denotes the full 6 The Herfindahl index is calculated based on plant's market shares in terms of employment shares.
set of regional and time dummies and ε is a random error term. The use of regional dummies helps mitigate concerns that, within a sector, the regional location of FDI might be correlated with factors that also affect plants' productivity.
If absorptive capacity matters for the pattern of FDI-induced TFP growth, the spillovers regression functions will not be identical across all domestic firms. For this reason the coefficient on the FDI vector in the above equations is explicitly made to depend on absorptive capacity (ABC), which is defined as
that is, establishment i's TFP relative to the maximum TFP in the four digit sector (the "industry leader"). 7 A high level of absorptive capacity is supposed to indicate technological congruity with industry leaders, which are predominantly foreign plants in the data.
In order to capture possible non-linearities we allow the parameter capturing the degree of spillovers, γ , to be a quadratic function of the firm specific level of absorptive capacity,
where the d are parameters to be estimated. Setting
gives the linear model, which implies that the degree of spillovers either increases or decreases with absorptive capacity monotonically. The quadratic specification is more flexible in that it allows the rate at which FDI-induced productivity grows to vary with absorptive capacity. For
, the initially positive impact of FDI on productivity will start to diminish once absorptive capacity gets past the critical level (or turning point)
Allowing for this quadratic relationship takes account of the idea that firms with either very low or very high levels of absorptive capacity may be least likely to benefit from spillovers, as they either do not have the technological ability or are too similar in their technology to the MNCs to be able to benefit from spillovers. A similar argument has been put forward by Gomulka (1990) in the context of the technological catch-up of countries.
Quantile regression
Recent empirical studies of firm-level productivity dynamics have established that
there is large and persistent heterogeneity across firms even within narrowly defined industries, and that the amount of change in the productivity distribution is not trivial.
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This has an important but previously unrecognised implication for productivity growth empirics: standard OLS or GMM techniques which concentrate on the conditional mean function of the dependent variable are unlikely to be adequate analytical tools. In the presence of heterogeneous productivity processes, it is more appropriate (and arguably more interesting) to examine the dynamics of productivity at different points of the distribution rather than "average" properties (i.e. conditional means).
To do this, we employ the quantile regression technique introduced by Koenker and Bassett (1978) . Denoting the vector of regressors in equation (2) by Z, the quantile regression model can be written as ε is left unspecified, so the estimation method is essentially semiparametric. 9 The θ th quantile regression, 0 < θ < 1, solves Furthermore, another advantage of quantile methods is that they provide a more robust and efficient alternative to least squares estimators when the error term is nonnormal. This may be important here since establishment level TFP does not appear to be (log)normally distributed. Figure 1 shows, for the years 1980 and 1992, Kernel density estimates of log TFP and the corresponding normal density if the data were normally distributed. There are departures from normality apparent, in particular for the electronics sector. Table 1 shows some more detailed summary statistics and the pvalues for two tests of normality. In all cases we can reject the null hypothesis that log TFP be normally distributed.
[ Figure 1 and that, even within a particular conditional quantile, the response of plant level productivity growth to FDI will vary according to initial level of productivity.
TFP estimation
For the estimation of equation (2) we need to have reliable estimates of plant level TFP. Whatever the object of the productivity analysis, it is always important to obtain consistent TFP estimates. Using log values, we write the production function as
, where y is output and there are four factors of production:
skilled labour (l s ), unskilled labour (l u ), materials or cost of goods sold (m) and capital stock (k). For estimation purposes we employ a first-order Taylor approximation and write the production function as:
TFP is assumed to follow the following AR(1) process:
where D is a common year-specific shock, f is a time-invariant firm specific effect and v a random error term. Note that we do not simply model productivity as a fixed effect, as that would imply that TFP differences are fixed, and there is no role for technology diffusion (convergence). 9 See Buchinsky (1998) for an overview of quantile models.
Recently the fundamental assumption of pooling individual times series data has been questioned. Pesaran and Smith (1995) demonstrate that standard GMM estimators of dynamic panel models lead to invalid inference if the response parameters are characterised by heterogeneity. They argue that one is better off averaging parameters from individual time series regressions. This is not feasible here since the individual firm's time series data is not of adequate length (75 percent of them have no more than 6 observations). However, we take some comfort from a recent comparative study by Baltagi and Griffin (1997) which concludes that efficiency gains from pooling are likely to more than offset the biases due to individual heterogeneity. Baltagi and Griffin (1997) especially point out the desirable properties of the GLS-AR(1) estimator, and we use this estimator to obtain estimates of the factor elasticities, and derive TFP as a residual term.
We estimate equation (8) for each of the 49 the four-digit SIC80 industries available in our sample, including subsidiaries of foreign firms to facilitate the computation of the relative technology gaps described in equation (3).
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Data
We use establishment level panel data for UK manufacturing industries from the Annual Respondents Database (ARD) provided by the Office for National Statistics for the empirical analysis. The database is described in more detail in the data appendix. This paper uses data for two broad industries, electronics and mechanical and instrument engineering, spanning 49 four-digit SIC80 industries.
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Since there is evidence of substantial heterogeneity of productivity even within, let alone across sectors, we decided to estimate the equations for different sectors rather than pooling data for the whole manufacturing sector. Our choice of sectors is motivated by the following considerations. First, FDI is important in both sectors. As Griffith and Simpson (2002, Table 4) show, employment in foreign-owned establishments accounted for almost 19 percent of total employment in the electronics sector, and around 15 percent in the engineering sector in 1996. Second, there appears to be evidence of contrasting motives for inward FDI in the two sectors. According to Driffield and Love (2001) , R&D activity in the UK engineering industry is greater than R&D intensity in the corresponding sectors in the FDI source countries. This suggests that FDI into this sector might be largely motivated by technology sourcing considerations (see Fosfuri and Motta, 1999) . Hence, at least in theory, the scope for technology spillovers may be limited compared to potential spillovers from FDI in the electronics sector, where multinational firms in the UK are known to undertake a significant proportion of their innovative activity in the host country.
12,13
We excluded from our regression analysis domestic establishments with zero output, negative capital stock and with no regional information. Table 2 gives the panel structure of the resulting sample of establishments used in this study. A sizeable proportion are only observed once. Our estimation cannot use these due to the need to use lagged variables to construct TFP growth.
[ Table 2 here] 11 These are SIC80 industries 33 and 34 (electronics) and 32 and 37 (mechanical and instrument engineering). We refer to the latter as "engineering" throughout the paper. 12 For example Cantwell and Iammarino (2000) indicate that in semiconductors the share of foreign-owned firms in total patents was over 60 percent for the UK as a whole, and 75 percent for South East England in particular. 13 A further advantage is that focusing explicitly on two narrowly defined sectors should mitigate concerns that the location of FDI in a sector might be correlated with factors affecting plants' productivity.
Foreign penetration is defined as the proportion of employment in the four-digit industry accounted for by foreign multinationals. We have four-digit region-specific FDI variables, and a distance-weighted measure of foreign presence outside the region but within the same sector. Here we follow the literature on neighbourhood agglomeration (Adsera, 2000) , and for a firm in region r and industry j this is defined as
2 , where d kr is the distance (in miles) between the largest cities in regions k and r. Note that equation (2) includes the change in the FDI variables as covariates.
Empirical results
Estimates of plant level TFP were calculated as described in equations (7) and (8).
These were then used in the productivity spillovers estimations of equation (2), the results of which are presented in Tables 3 and 4 Overall, while the results in terms of the signs of the coefficients seem to be fairly similar across quantiles and between sectors, there is apparent heterogeneity in the statistical significance and magnitude of the coefficients. For example, the conditional mean regression for the electronics sector shows no statistically significant effect of FDI in the region on TFP growth, while there is evidence for a positive direct effect, as well as a significant effect through the interaction term of regional FDI on TFP for establishments in the engineering sector. Also, for the electronics sector, the effect of regional FDI seems to be larger (in terms of the size of the coefficient) for establishments in the 90 th quantile compared to the median. This effect is mirrored for the engineering sector.
[ Tables 3 and 4 Table 5 . It is noteworthy that the median absorptive capacity level is higher for the electronics sector for all quantiles, although electronics only has higher TFP in the lower quantiles of the distribution up to the median. This may suggest that, in this sector, there is less of a productivity differential between foreign and domestic establishments.
[ Table 5 here]
We use the median values for absorptive capacity shown in Table 5 to calculate the marginal effect of an increase in the growth of FDI in or outside the region. The marginal effects, which are presented in Table 6 , are evaluated at the median absorptive capacity level for the various quantiles. For example, the figures in the table show that, for an establishment in the electronics sector with median level of absorptive capacity, a 1 percentage point increase in the growth of FDI in the region will lead to a 0.9 percent increase in the growth of TFP. 14 [ Table 6 here]
The table shows significant differences in the size of the marginal effects across quantiles and sectors. 15 For FDI in the region, the largest effects are apparent for the 90 th quantile both for the electronics and engineering sector. Interestingly, establishments in the 10 th quantile in the electronics sector benefit more (in terms of the absolute size of the marginal effect) than those in the 25 th or median quantile. This suggests that domestic establishments in either the higher or lower end of the TFP distribution are set to benefit more from FDI spillovers than firms in the middle range of the distribution.
While we find that the effect of an increase in the growth of FDI in the region has a consistently positive effect on TFP growth in all quantiles, the marginal effects of FDI outside the region is largely negative. These results mirror those of Driffield (2001) who, using industry level data for UK manufacturing, also found a positive effect of FDI in the same region and industry, but a negative effect of FDI in the same sector but outside the region. He argued that this is consistent with a negative competition effect from multinationals outside the region, which is not offset by positive spillovers which appear to be more prevalent at the local level. While this explanation seems appealing it is, however, not possible to determine with any certainty the reasons for such negative spillover effects from FDI outside the region with our data.
While the effect of changes in FDI for a given level of absorptive capacity is informative in its own right we are more interested in the impact of changes of absorptive 14 That is, from 0.791 (= exp-0.235) to 0.800. 15 The marginal effect equals 0 if the regression coefficients are not statistically significant.
capacity on establishments' ability to benefit from spillovers. In order to tackle this issue
we, firstly, turn back to the regression results in Tables 3 and 4 to determine the shape of the relationship between absorptive capacity and TFP growth. From the coefficients on the interaction terms we see that, for both sectors and most quantiles, there is a convex (u-shape) relationship for the interaction of absorptive capacity with FDI in the region. Hence, for a given level of FDI growth, increases in absorptive capacity will first reduce but eventually increase productivity growth. This pattern is not as consistent across quantiles for FDI outside the region although, for those cases for which both interaction terms are statistically significant, they indicate a concave (inverted u-shape) relationship.
The former result is at first sight not in line with our expectation, as pointed out above, that firms with high and low levels of absorptive capacity are least likely to benefit from FDI. The latter result, however, appears to be as expected. In order to
rationalise the results, we should, however, take into account that the two relationships may reflect the counteracting effects of positive spillovers and negative competition effects, as discussed by Aitken and Harrison (1999) . While we would expect positive spillover effects mainly from FDI within the region, due to the geographical dimension to knowledge flows, competition between multinationals and domestic firms may be strong even if the two establishments are located far away from each other. If we accept this, we can interpret the two relationships as follows.
For FDI within the region, domestic firms with low absorptive capacity levels are not able to benefit from positive spillovers (as expected) but are also unlikely to be in direct competition with multinationals due to their relative backwardness. As firms improve their absorptive capacity by becoming more productive they start competing with multinationals (thus beginning to be exposed to the negative competition effect) but
are not yet able to benefit from spillovers. Only as they improve their absorptive capacity beyond the critical value are they able to benefit from positive spillovers, which then outweigh the negative competition effect as they become more able to compete with the multinationals.
As regards FDI outside the region domestic firms with low levels of absorptive capacity are not able to benefit from spillovers but may also not be in competition with multinationals. Only as they become more efficient and close the technology gap do they start benefiting from weak positive spillovers. The competition effect will then outweigh any weak positive spillover effects as establishments increase their levels of absorptive capacity and are less likely to learn more from multinationals.
To be more precise about the shapes of the functions we can calculate the critical values (turning points) at which the effect of ABC on productivity spillovers switches from negative to positive (for regional FDI) or vice versa (for FDI outside the region).
These calculations for the two sectors and various quantiles are given in Table 7 . The first result to note is that the critical values are all around 0.5 for all quantiles in both sectors. For example, we find for the electronics sector that establishments having productivity levels around the 25 th quantile start to benefit from increasing growth of FDI in the region once they achieve an absorptive capacity level of over 0.49. Below this threshold they will experience a negative productivity growth effect. From Table 5 we know that the median absorptive capacity level of establishments in the 25 th quantile is 0.40, which is well below the critical value. This implies that those 50 percent of establishments with absorptive capacity levels below this value will experience negative growth effects if the growth of FDI in the region increases. As a matter of fact, our summary statistics (which are not reported in this paper) show that over 70 percent of establishments in the 25 th quantile of the TFP distribution have absorptive capacity levels below the critical value.
[ Table 7 here]
Comparisons of Table 7 and Table 5 show that, indeed, for all cases for which we can calculate turning points, the median value of the productivity gap is below the critical value. This implies that more than 50 percent of establishments with productivity levels in these quantiles are negatively affected by a growth in the change of FDI in the region.
For the two cases for which we can calculate turning points for the effect of absorptive capacity and FDI outside the region we also find that the critical value is at a higher value than the median absorptive capacity. Now, however, this indicates that more than 50 percent of firms benefit from increases in the change of FDI outside the region by increasing productivity growth. Only establishments with levels of absorptive capacity of more than the critical value would experience negative changes in productivity growth following increases in the growth of FDI outside the region.
Using the regression results in Tables 3 and 4 we can calculate the marginal effects of changes in absorptive capacity for a given level of growth of FDI. Such a calculation enables us to say something about the effect on productivity growth of improving absorptive capacity levels in the host country. The results of these calculations are charted in Figures 2a to 2d . Figure 2a shows the marginal effect of changes in absorptive capacity on productivity growth for a given level of FDI growth for the electronics sector. 16 These marginal effects are equal to zero at the critical values shown in Table 7 . For the quantiles for which we find a quadratic relationship between absorptive capacity and productivity we find that establishments in the 90 th quantile appear to benefit most from increasing absorptive capacity beyond the turning point.
However, they also show the largest negative effects on productivity growth for absorptive capacity levels below the critical value. These results are broadly similar for the engineering sector (Figure 2 .b).
Figures 2.c and 2.d chart the corresponding results for changes in absorptive capacity for a given increase in FDI outside the region for the various quantiles for which we determined a statistically significant relationship. In the case of FDI outside the region we find that establishments in the higher quantiles (in both electronics and engineering) show the highest positive marginal effects for levels of absorptive capacity lower than the turning point. Having reached the critical value these establishments are, however, those which show the largest negative effects on productivity growth of increases in absorptive capacity.
[Figures 2.a -2.d here]
Conclusions
This paper focuses on the role of absorptive capacity in determining whether or not domestic establishments benefit from productivity spillovers from FDI. We analyse this issue using establishment level data for the electronics and engineering sectors in the UK. Absorptive capacity is measured as the difference in TFP between an establishment and the maximum TFP in the industry. We distinguish the effect of FDI in the same sector and region as the establishment, from FDI in the same sector but outside the region. We also allow for different effects of FDI on establishments located at different quantiles of the productivity distribution by using conditional quantile regression.
Overall, while there is substantial heterogeneity in results across sectors and quantiles, our findings clearly suggest that both absorptive capacity and distance matter for productivity spillover benefits. We find that there is a u-shaped relationship between absorptive capacity and productivity spillovers from FDI in the region in many cases, while there is an inverted u-shape relationship for spillovers from FDI outside the region.
The former result indicates that improvements in absorptive capacity at the level of the establishment may enhance its ability to benefit from spillovers from FDI located within the same region. However, the latter results show that an opposite effect is at work for FDI located outside the region, where establishments with high levels of absorptive capacity may lose most (in terms of reductions of productivity growth) due to spillovers.
This pattern seems consistent with the idea that positive productivity spillovers from FDI are localised and only establishments located within the same region are set to benefit. If FDI is located far away from the establishment the negative competition effect of FDI appears to dominate, however. While our data and estimation strategy do not allow us to determine in any detail such a possible competition effect, the investigation of this issue appears to be a fruitful topic for future research.
The importance of absorptive capacity for determining the potential benefits for domestic firms from FDI suggests a role for policy makers. Host country policies may be targeted at enabling domestic firms to build up their absorptive capacity through providing incentives for training and R&D in domestic firms. Also, at a more general for FDI growth in the data level, policies may be aimed at providing the necessary stock of human capital in the economy through appropriate education and training policies in order to upgrade general skills.
Data Appendix
The ARD consists of individual establishments' records that underlies the Annual Census of Production. As Barnes and Martin (2002) provide a very useful introduction to the data set, we only include a brief discussion of some of the features of the data that are relevant to the present work. For each year the ARD consists of two files. What is known as the 'selected file', contains detailed information on a sample of establishments that are sent inquiry forms. The second file comprises the 'non-selected' (non-sampled) establishments and only basic information such as employment, location, industry grouping and foreign ownership status is recorded. Some 14,000-19,000 establishments are selected each year, based on a stratified sampling scheme. The scheme tends to vary from year to year, but for the period under consideration establishments with more than 100 employees were always sampled.
In the ARD, an establishment is defined as the smallest unit that is deemed capable of providing information on the Census questionnaire. Thus a 'parent' establishment reports for more than one plant (or 'local unit' in the parlance of ARD).
For selected multi-plant establishments, we only have aggregate values for the constituent plants. Indicative information on the 'children' is available in the 'non-selected' file.
Like the majority of researchers using the ARD (e.g., Haskel et al., 2002) we use data on multi-plant establishments as they are. In our sample period , about 95 percent of the establishments in these industries are single-plant firms. In the actual sample we used for the econometric estimation this figure is around 80 percent. Hence, most of the data used is actually plant level data and we, therefore tend to use the terms plant and establishment interchangeably.
There are, however, two important ways in which we have made use of the local unit information in the non-selected file. The first is in the construction of measures of regional FDI. Foreign presence in a region and sector is defined as the proportion of employment accounted for by foreign multinationals. Simply relying on establishment data could be misleading, as they could report for plants across different regions or sectors. However, by extracting the employment, ownership and industrial affiliation data of the 'children' in the 'non-selected' file, it was possible to calculate correctly the regional FDI variables. The second way information in the non-selected file was used is in the identification of single location (region) and multiple location establishments. (Shapiro and Francia, 1972) test2: skewness and kurtosis test for normality (D'Agostino et al, 1990) Notes: standard error in parentheses significant at ** 1 percent, * 5 percent, + 10 percent level regressions include time trend and regional dummies Notes: standard error in parentheses significant at ** 1 percent, * 5 percent, + 10 percent level regressions include time trend and regional dummies Note: dotted line is density, solid line is normal distribution 
